expression with the whole organism phenotype. We use metabolic profiling in 23
Drosophila melanogaster to complete this missing step, with a view to examining 24 variation in male and female metabolic profiles, or metabolomes, throughout 25 development. We show that the metabolome varies considerably throughout 26 larval, pupal and adult stages. We also find significant sexual dimorphism in the 27 metabolome, although only in pupae and adults, and the extent of dimorphism 28 tends to increase throughout development. We compare this to transcriptomic 29 data from the same population and find that the general pattern of increasing sex 30 differences throughout development is mirrored in RNA expression. We discuss 31 our results in terms of the usefulness of metabolic profiling in linking genotype 32 and phenotype to more fully understand the basis of sexually dimorphic 33 6 centrifuged at 12,000rpm for 20 minutes, and the 100μl of supernatant pipetted 130 into a fresh eppendorf. Samples were stored at -80 o C before being analysed 131 approximately one week later. This involved loading the samples randomly into 132 a chilled autosampler, and injecting 20μl of sample into a GCMS (Agilent 133 6890/5973) fitted with a DB-5MSUI column of 30m x 0.25 internal diameter x 134 0.25μm film thickness. Hydrogen was used as a carrier gas. The inlet was set at 135 280 o C and the injection was in split mode. Separation of the extract was 136 optimised with a temperature cycle that held at 50 o C for 1 min, then increased at 137 10 o C min -1 to 320 o C. Integration of metabolite peaks was carried out using GC 138
ChemStation software (Agilent version B.04.02.SP1), but a clear signal could not 139 be detected for one male adult replicate, so the full analysis comprises N = 23 140 samples in total. Across all samples, 25 peaks were quantified and identified 141 using mass spectroscopy data in the AMDIS software v.2.71 (Table 1) . Of these 142 compounds, 14 were present in both sexes and all stages. This indicates a 143 considerable degree of qualitative variation in metabolome throughout 144 development, but as our analyses focus on quantitative variation, the analysis 145 uses only the 14 common peaks as identified in Table 1 . 146 147
Data handling and analysis 148 149
All analyses were carried out in R v.3.2.1. Data from the integrated peaks of all 25 150 compounds listed in Table 1 were used to calculate standardised peak areas 151 using a centred log ratio transformation on proportional peak areas 152 (Pawlowsky-Glahn and Buccianti 2011), as follows: 153
(1) 155 156 where the divisor is the geometric mean of the proportional area of all k traits 157 and the numerator is the proportional area of the n th trait. By using all peaks for 158 the standardisation calculation, and then filtering data afterwards to leave only 159 the 14 compounds expressed in both sexes and all stages, this avoids the The analyses employ a combination of univariate and multivariate approaches in 166 order to examine variation in metabolism both as an overall metabolic profile as 167 well as for individual compounds. Exploratory initial analyses involved 168 hierarchical clustering of the samples based on a distance matrix using 'hclust' 169 and 'dist' functions in the R package 'stats'. The same clustering methods were 170 also carried out for the 14 metabolite compounds. given compound, S is a fixed 2-level factor defining sex, D is a fixed 3-level factor 181 representing developmental stage, and ε accounts for residual error variation. All 182 models assumed a normal distribution and this assumption was checked for all 183 compounds, as were model checks for Markov chain mixing and autocorrelation. 184
Models used a flat prior distribution and were ran for 100,000 iterations, with a 185 10,000 burn-in and a thinning interval of 25. Significant differences in compound 186 expression were inferred where 95% credible interval estimates from the 187 posterior distribution for each sex and stage combination were non-overlapping. 188
Note that although the main results shown are based on these Bayesian analyses, 189 the equivalent frequentist linear models produce qualitatively identical results 190 (Table S1) . 191 Table S1 . Results of non-Bayesian univariate linear models testing for differences in metabolite expression between developmental stages, sexes, and the interaction. For each effect, the F statistic and associated P value are shown. P values are corrected for FDR < 0.05 and significant results are highlighted in bold. Models (described in the text) were equivalent to the Bayesian univariate linear models, and all results are qualitatively the same through Bayesian inference (shown in main text). Note that the interaction effect was significant for alanine and citric acid prior to FDR correction. each sample was given a score along the discriminant function vector defining 196 maleness/femaleness, and these scores were modelled using the approach 197 
Compound

